Aim: The study was carried out to determine the in vivo antitrypanosomal effect of methanolic extract of Zingiber officinale (ginger) in Trypanosoma brucei brucei-infected mice.
Introduction
African animal trypanosomiasis remains a disease with unsatisfactory medical control [1] . To date, its control relies principally on the use of chemotherapeutic and chemoprophylactic agents such as; diminazene (DZ) aceturate, homidium, and isometamidium [2] [3] [4] . However, this practice has certain drawbacks that include the development of resistance to the drugs by the parasite and toxicity to the hosts [1] [2] [3] [4] [5] [6] . Trypanosomes have the glycoprotein that is encoded by genes that are antigenically distinct thus making the parasite able to engage an immune-evasive process of antigenic variation [3, 7] . Owing to this process, the prospect of vaccine development are poor, making drug the only viable management option, however they have some limitations [8, 9] . Thus, the search for new drugs and formulations which are safe, affordable, and effective against both early and late stages of the disease, has been recommended [6, 10] .
Since drugs derived from medicinal plants are natural and have been argued to be effective and safe, moreover among indigene of trypanosome endemic areas, there are claims of medicinal plants with therapeutic activities [6, 11] . Zingiber officinale (ginger) has been widely used around the world as food and as a spice [12] [13] [14] . It is considered a safe herbal medicine with only a few and insignificant adverse/side-effects [15, 16] . Several authors have shown that ginger is endowed with strong in vitro and in vivo anti-oxidant properties [12, 14, 15] .
Increasing evidence demonstrates that the oxidative stress plays an important etiologic role in the pathogenesis of African sleeping sickness [1, 17, 18] Oxidant stress arises when there is an imbalance between radical-generating and radical-scavenging activities; it may, therefore, cause an increase in the formation of oxidative products [4, 19, 20] . Infection caused by Trypanosoma brucei group of parasites have been shown to alter the antioxidant defense of the host [21] [22] [23] [24] [25] [26] . Ginger being a strong antioxidant will either mitigate or prevent the generation of free radicals [12, 14] . such as those generated by trypanosomes [27] . Ginger has been reported to have many pharmacological activities, including anticancer, anti-inflammatory, antioxidant, anthelmintic, antiemetic, immunomodulatory and nephroprotective effects [12, 14, 28] . However, information on the antitrypanosomal effect of Z. officinale extract is still scanty. Therefore, the present study was carried out to evaluate in vivo antitrypanosomal effect of methanolic extract of Z. officinale in mice infected with T. brucei brucei.
Materials and Methods

Ethical approval
All experimental protocols were approved and conducted with strict adherence to guidelines of the Institutional Animal Care and Use Committee of Ahmadu Bello University, Zaria, Nigeria, which are in accordance with the principles of the laboratory animal care [29] .
Plant material
Fresh ginger rhizomes were purchased from Zaria, Nigeria and were authenticated at the Herbarium, Department of Biological Sciences, Ahmadu Bello University, Nigeria. Voucher specimen number 2261 was deposited at the herbarium.
Preparation of crude extract
The ginger rhizomes were washed, sliced and dried at room temperature and pressure for 7 days. The dried ginger was made into powder using mortar and pestle. The powder (300 g) was extracted by maceration using methanol (900 ml) (analytical grade) at ratio of 1:3 of powdered ginger and methanol. The mixture of the powdered ginger and methanol were allowed to stand in a percolator for 48 h, thereafter, the extract was collected and about 60% of the initial volume of methanol was further added and allowed to stand for 24 h. The extracts were pooled together and concentrated in vacuo at 50-55°C. The dried extract was dissolved in Tween 80 for the toxicity and pharmacological trials.
Phytochemical screening
The methanolic extract was subjected to phytochemical screening employing the standard screening method of Silva et al. [30] .
Determination of the acute lethal toxicity
Determination of median s (LD 50 ) was carried out according to the method of Lorke [31] . A total of 12 mice weighing between 16 and 30 g were used during the first and second trials. In the first phase, 9 mice were randomly divided into three groups of 3 mice each and treated orally with the plant extract at 10 mg/kg, 100 mg/kg and 1000 mg/kg, respectively. The second phase was conducted using another set of 3 mice randomly divided into 3 groups of 1 mouse each and treated orally with 1600 mg/kg, 2900 mg/kg and 5000 mg/kg, respectively. These doses were chosen based on the earlier results that showed no toxic effect of the initial doses used. Similarly, after the second trial, no mortality was recorded.
Experimental animals
A total of 25 adult male mice weighing between 16 and 30 g were used for this experiment. They were obtained from the Animal House, Department of Veterinary Pharmacology and Toxicology, Ahmadu Bello University, Zaria. They were allowed to acclimatize for 14 days in the research laboratory of the Department, where the experiment was conducted. The rats were housed under standard hygienic conditions in plastic cages with wood shavings as bedding, which was changed every week. The rats were kept at the ambient temperature of 24-26°C and relative humidity of 70-80%, with 12 h/day light period. They were given access to rat pellets and water ad libitum.
Trypanosome parasite
T. brucei brucei (Federi strain) used for this study was obtained from Nigerian Institute for Trypanosomiasis Research, Vom, Plateau State, Nigeria. The parasite was maintained by serial passages in donor rats. parasitemia was monitored daily by preparing a wet mount and viewed under a light microscope (Olympus ® CH23, Germany) at ×400 magnification.
Inoculation of rats
The infected blood from a donor rat was collected at peak parasitemia and diluted with physiological saline, which was inoculated into the peritoneal cavity of the infected rats. Each rat was inoculated with 1 ml of blood containing approximately 10 6 cells/ml [32, 33] .
Experimental design 25 mice were randomly grouped into five groups (I, II, III, IV and V) of 5 animals each. All the Groups (I-V) were intraperitoneally infected with T. brucei brucei (10 6 cells/ml). Group I and II were administered orally Tween 80 (1 ml/kg) and DZ aceturate (3.5 mg/kg) intraperitoneally to serve as untreated and treated controls, respectively, while Groups III-V received the extract orally at daily doses of 200, 400 and 800 mg/kg body weight respectively for 6 days. Body weight was measured daily using a digital weighing balance, while parasitemia was monitored using the rapid matching method of Herbert and Lumsden [34] .
Statistical analysis
Data obtained were expressed as mean ± standard error of maen (SEM), and subjected to one-way analysis of variance, followed by Tukey's multiple comparison post-hoc test, using GraphPad Prism version 4.0 for windows (GraphPad Software, San Diego, California, USA). p<0.05 were considered as significant.
Results
Acute toxicity test
The overall acute toxicity outcome (LD 50 ) is shown in Table- 1. No animal died within 24 h after treatment with the plant extract at dose levels up to 5000 mg/kg. The phytochemical screening revealed the presence of alkaloid, steroids, phlobotannins, flavanoids, glycosides, saponins, tannin, terpenoids.
Effect of treatments on body weight changes in mice
Figure-1 shows the effect of treatments on the body weight changes of mice at days 0 and 5 of the experiment. An insignificant (p>0.05) decrease in body weight was recorded in Group I (untreated control) at day 5 when compared with day 0. Mice in Groups II (treated control), III (200 mg/kg ginger extract [GE]), IV (400 mg/kg GE) and V (800 mg/kg GE) showed an insignificant (p>0.05) increase in body weight at day 5 compared to day 0.
Effect of treatments on the survival rate of mice
The effect of treatments on the survival rate of mice is shown in Figure-2 .
There was a relative decrease in the survival rate of mice in Group I when compared to Groups III, IV and V. A significant (p<0.05) increase was observed in the survival time of mice in Group II when compared to Groups I and III.
Effect of treatments on the level of parasitemia
Although it was not significant (p<0.05), the level of parasitemia was relatively lower in Groups III, IV and V mice in comparison to Group I. The level of parasitemia in Group II mice, dropped to zero at day 6 post-infection (Figure-3 ).
Discussion
Phytochemical screening of methanolic extract of Z. officinale revealed the presence of alkaloids, steroids, phlobatannins, flavonoids, glycosides, saponins, tannins and terpenoids. The trypanocidal property of the extract may be due to the action of one or more constituents present in the plant. Several workers have either identified or isolated tannins or phenolic compounds [35] , flavonoids and alkaloids [20] in plants that showed trypanocidal activities. Perhaps, the trypanosomal effect of the extract may be due to one or more of these secondary metabolites.
The result of acute toxicity test (LD 50 ) is shown in Table- 1. The extract did not produce mortality when given at a dose of up to 5 g/kg by oral route, indicating that the extract is relatively non-toxic to mice. This agrees with the report of Ali et al. [15] where ginger was demonstrated to be a safe herbal medicine with only few and insignificant adverse/ side effects.
A relative decrease was observed in the body weight of mice in Group I (untreated) at day 5 of the experiment when compared to day 0 (Figure-1) . This is consistent with the findings of Alli et al. [36] which showed that infection with T. brucei brucei was associated with weight loss.
The increase in body weight observed in animals treated with DZ aceturate and GE demonstrated that DZ and GE protected the rats from trypanosome-induced decrease in body weight. The effect of DZ and GE on the body weight may be due to the trypanocidal effect of DZ and the antioxidant effect of GE that reduced the parasite burden in the body.
The relative increase ( Figure- 2) in the survival time of mice treated with 400 mg/kg and 800 mg/kg of GE suggests that the extract could be useful in the management of African trypanosomiasis. This finding agrees with other works that have shown that plant extracts containing polyphenols have the ability to increase the survival of mice infected with T. brucei [7, 36] . Trypanosomiasis is a disease whose pathological effects are initiated through the release of cytokines and nitric oxide [26, 37] . Polyphenols have been shown to attenuate cytokine and nitric oxide-induced inflammation [7, 37] , probably due to their reactive oxygen species (ROS) scavenging ability. Therefore, we may speculate that the ability of the extract to increase the survival of mice in this study may be due to their ability to aid antioxidant defense system and reduce oxidative stress by protecting the defense system against the damaging effects of ROS. The survival time of mice treated with DZ was significantly increased compared to the untreated control. This may be due to the ability of the drug to eliminate the parasites from the blood [38] . The prepatent period of 2 days ( Figure-3 ) observed in the present study disagree with earlier findings [24] that reported a prepatent period of 4-5 days in mice infected with T. brucei. The parasitemia observed in this experiment rose progressively without any period of drop in all the treatment groups, which indicates an acute phase of the disease, except for the DZ treated group where parasitemia dropped to 0 at day 6 post infection. In another study, a similar observation was made with this strain of parasite [39] . Treatment with GE did not affect the onset of parasitemia but reduced the level of parasitemia when compared with untreated control. Several researchers made similar observations on reduction in parasitemia and concluded that high parasite load could mask the efficacy of crude extract [40, 41] . This could be responsible for the insignificant decrease in the level of parasitaemia that was observed in the groups treated with GE. More so, the efficacy of crude extracts may also require administration via parenteral route. Reduced efficacy of crude extract of Z. officinale could also be due to enzymatic inactivation of active compounds or impaired absorption from the gut or both [40, 41] . The mechanism of the extract trypanocidal action was not determined. However, Sepulveda-Boza and Cassels [42] reported that many natural products exhibit their trypanocidal activity by virtue of their interference with the redox balance of the parasites acting either on the respiratory chain or on the cellular defenses against oxidative stress. This is because natural products possess structures capable of generating radicals that may cause peroxidative damage to enzymes that are very sensitive to alteration in redox balance. It is also known that some agents also act by binding with the kinetoplast DNA of trypanosomes [43] .
Conclusion
Administration of methanolic extract of Z. officinale increased body weight and survival time of mice infected with T. brucei brucei. It also reduced the level of parasitemia in infected mice. However, further study is required to determine the active constituent in the extract and its mode of action.
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